Background. The quality of anticoagulation management in atrial fibrillation patients is reflected by the concept of time spent in therapeutic range (TTR). In a primary care setting, the implementation of a dose nomogram could help increase the mean TTR among these patients.
Introduction
Clinicians from both tertiary and primary care practice believe that patients can benefit from warfarin management at a primary care setting (1) . The efficacy of anticoagulant management at primary care centres has proven to be equal, if not superior, to similar treatment at a tertiary care centre (2) (3) (4) . Consequently, new monitoring strategies were implemented at the primary care level and were found to be cost-effective in monitoring patients on anticoagulant treatment (4, 5) .
Patients with atrial fibrillation (AF) require optimization of time spent in therapeutic range (TTR) while on vitamin K antagonists (VKA). TTR is a recognized way to measure the therapeutic effectiveness of VKA over time. TTR is measured by calculating the percentage of days spent in the therapeutic range (or percentage of time spent in the optimal international normalized ratio (INR) range for any indication for anticoagulation).
The recent American College of Chest Physician guidelines have suggested the practice of three techniques in order to improve TTR namely (i) establishing anticoagulation clinics, (ii) application of computerized dose adjustment systems and (iii) patient self-monitoring (6) . Majority of these methods warrant further evaluation before its implementation in a primary care setting could be finalized (5) . Community-based practices had poorer performance in achieving target TTR when compared to treatment at specialized clinics (7) . A recent study explored the relationship between adherence to an integrated dose protocol and recall schedule in the management of AF patient on VKAs (8) . In the study, the algorithm suggested in previous research papers was modified to incorporate a structured maintenance recall rule (9, 10) . The analysis revealed a significant relationship between TTR and the integrated nomogram (dose protocol and recall schedule) when utilized at a primary care setting (8) .
This study attempts to evaluate the efficacy of an integrated decision nomogram in the management of anticoagulation maintenance in patients with AF at the primary care level (8) . Hence, the study explores the relevance of a protocol designed to address anticoagulation monitoring and the efficiency of therapeutic decision making from a primary care perspective.
Methods

Setting
The control of INR, defined by TTR, was examined in a randomly selected population in an urban primary care clinic. The sample comprises an adult population aged 18 and older treated for AF at the primary care clinic. The study was conducted at the outpatient department of the Seremban Primary Health Clinic, a regional primary care clinic in the state of Negeri Sembilan, Malaysia. The clinic is staffed by one family medicine specialist, two vocational trainees in family medicine and 30 medical officers.
Study design
A specialized anticoagulation clinic was established in the outpatient department to serve the needs of patients who require anticoagulation treatment. An uncontrolled 'before' and 'after' study design was utilized to determine the effects of intervention on TTR (11) . The study consists of two stages. In the initial stage ('before' phase), we determined the mean TTR of patients with AF (8) . At this juncture, the warfarin dose was adjusted by doctors based on prior clinical experience, without the help of a decision support tool. During the second phase of the study ('after' phase), the mean TTR was calculated after the introduction of a validated decision support tool in the form of a dosing and recall algorithm. The doctors were advised to adhere to the decision support tool when treating patients at the anticoagulation clinic.
Inclusion criteria and exclusion criteria
The study employed the purposive sampling of patients with AF receiving anticoagulation treatment at the outpatient department. Patients were excluded if the they were on other forms of anticoagulation besides warfarin, if they have been recently initiated on warfarin (less than 6 weeks) and if the monitored therapeutic INR range is not consistent with the suggested recommendations (INR range of 2-3 for AF patients) (9, 10, 12) . Other exclusion criteria include patients who (i) had less than 6 months of anticoagulation treatment at the primary care clinic and (ii) had defaulted treatment/refuse to be a part of the study and (iii) information on INR levels were unretrievable/missing to aid statistical analysis.
Time in therapeutic range
TTR was utilized as the quality measurement of anticoagulation management in this study. TTR indicates how optimal the intensity of anticoagulation is maintained within the therapeutic range. The calculation of TTR was based on the modification of the Rosendaal linear interpolation method (13) . The method assumes that there is a linear relationship between two consecutive INR results. This allows the quantification of the percentage of time for which the INR is below, within or above the optimal therapeutic range.
Warfarin dose adjustment and recall period scheduling
Doctors were instructed to adhere to the protocol presented in Tables A1 and A2 for dose/recall adjustments (9, 14) . A clinical course was conducted to ensure doctors in the anticoagulation clinic understood the function of the protocol. The strength of the dose of VKA was titrated according to the dose algorithm in the protocol (INR levels less than 2 is considered 'low' and levels beyond 3 were considered 'high'). When irregularities in the INR readings were detected, patients were inquired about compliance to VKA, the consumption of vitamin K-rich foods, possible drug interactions (e.g. antibiotics) or the presence of any illnesses. The adherence to both dose algorithm and recall schedule was quantified by the investigator using a weighted pre-fixed scoring system.
Data collection
Data collection was performed in two phases. Firstly, data were collected when patients were monitored for a duration 6 months of standard care at the primary care clinic (the 'before' intervention phase). In the subsequent 6 months, doctors were requested to adhere to the study protocol. The data during this phase of the study form the 'after' intervention phase.
In accordance to a previous study, the following time periods were excluded in our analysis, (i) the interval of more than 56 days between two consecutive INR readings and (ii) the period 1 week before and 3 weeks after maintenance interruption (9) . This preserves data accuracy by (i) preventing the violation of the Rosendaal method employed in the calculation of TTR (13) and (ii) avoiding the inclusion of data that contributes to variation or instability in the INR readings due to VKA interruption.
Prior to the intervention, recruited patients were followed up for at least 6 months at the primary care setting upon being discharged from the tertiary care hospital. This helped generate greater numbers of evaluable days/INR readings for each patient treated at the primary care clinic where the study was conducted.
The concordance to the dosing algorithm was determined by quantifying proportions related to the adherence to the dose nomogram 'before' and 'after' the intervention took place. In the 'before' category, adherence was calculated by calculating the similarity between usual practice and the recommendations defined by the dose algorithm. The proportions of decisions in agreement with the recall schedule were quantified in a similar manner both during the 'before' and 'after' phase.
Data were then keyed into an automated anticoagulation monitoring spreadsheet in Microsoft Excel 2010 (version 14.0) by the investigator to obtain results for various parameters such as TTR, dose adherence, recall adherence and dose changes.
Statistical analyses
All statistical analysis was done using Statistical Package for Social Sciences (SPSS version 20; IBM Corp., USA). Continuous data are described as mean, median and standard deviation (SD). The obtained descriptive data were reported as mean and percentages. Paired t-test or Wilcoxon rank test was performed to compare the mean TTR, frequency of INR within range, consistency of dosing using the algorithm, proportions of adherence to the recall schedule and percentage of dose changes before and after intervention. Multiple regression analysis was used to test whether the elements in the protocol could significantly predict changes in the TTR.
All statistical analyses were done with 95% confidence intervals (CI) and the level of significance was set at P < 0.05. Sample size of 149 patients was calculated based on the prevalence rate of AF patients on long-term anticoagulation at a primary care setting in Malaysia (73.8%) (8) . A power analysis was done through the G*Power software (version 3.1.9, University of Kiel, Germany). The initial pilot study prior to intervention gave the effect size of 0.13 at a CI of 95% and the margin of error of 5% (8) . This gave a statistical power of 0.48.
Results
Demographic and descriptive details
Out of the 253 patients who were invited, a total of 217 atrial fibrillation patients consented to participating in the study. However as shown in Tables 1 and 2 , the final analysis involved ~152 of these patients (70.0%) who (i) had a complete data related to VKA therapy and (ii) had attended all appointments during the study. Thirty percent of the patients (n = 65) were excluded due to (i) total evaluable days less than 56 days and/or less than 3 INR readings to allow accurate statistical analysis (64%, n = 42), (ii) patients had less than 6 months of management at the primary care setting (18.5%, n = 12), (iii) patients were lost to follow up (10.7%, n = 7) and (iv) patients were on other anticoagulation medication other than VKA (3.1%, n = 2). Baseline characteristics of the cases in the study are shown in Table 3 . The mean age of patients was 67.4 years (SD = 9.8). More than half of the patients were males (62.5%) while the rest were females (37.5%). Majority of the patients had hypertension (48.7%) followed by diabetes mellitus (28.3%), ischaemic heart disease 12.5%) and dyslipidaemia (11.2%).
Changes in TTR and frequency of INR within range
Although there was an increase in overall mean TTR, a paired-sample t-test did not reveal a statistically significant increment in the 'before' and 'after' phase. There was a statistically significant increase in the frequency of INR values within therapeutic range following intervention with the dose nomogram before intervention (M = 50.0, SD = 20.6) and after intervention (M = 56, SD = 26.0, P < 0.05). However, the eta squared statistic (0.04) revealed a small effect size for this result.
Adherence to dose protocol and recall schedule
There was a statistically significant increase in both adherence to dose protocol and recall schedule among primary care physicians after the implementation of the anticoagulation clinic. A Wilcoxon sign rank test proved a significant increase in the median adherence to both dose algorithm (z = −6.647, P < 0.01, Md = 75-100%) and recall schedule (z = −9.740, P < 0.01, Md = 37.5-83.3%). The effect size for both predictors were at 0.38 and 0.56, respectively. Changes in the frequency of INR readings higher and lower than therapeutic range A statistically significant reduction in the frequency of INR values above therapeutic range was seen following intervention with the dose nomogram (z = −3.599, P < 0.01), with a medium effect size (r = 0.21). The median frequency of INR values higher than therapeutic range decreased from a pre-intervention level of 21.8% to a post-intervention level of 14.3%. There was no significant reduction in the frequency of INR readings below the therapeutic range following intervention.
Changes in dosing of warfarin among doctors
A Wilcoxon signed rank test revealed a statistically significant reduction in VKA dose changes when the INR readings were higher than the therapeutic range following intervention with the dose nomogram (z = −4.733, P < 0.01) with a medium effect size (r = 0.27).
The median frequency of changes in VKA dose that occurred when there was an incidence of a high range INR values decreased from a pre-intervention level of 50% to a post-intervention level of 0%. There was a statistically significant reduction in VKA dose changes when the INR readings were lower than the therapeutic range following the intervention with the dose nomogram (z = −4.245, P < 0.01) with a medium effect size (r = 0.24). The median frequency of changes in VKA dose that occurred when there was an incidence of low range INR values decreased from a pre-intervention level of 33.3% to a post-intervention level of 0%.
The effects of predictors on TTR and frequency of INR values within therapeutic range
TTR was significantly correlated with the dose algorithm (r = 0.384, P < 0.01). However there was poor correlation with the recall schedule (r = 0.05, P = 0.58). The results of the regression show that the dose algorithm explained 14.7% of the variance. The dosing protocol significantly influenced the TTR (β = 0.69, P < 0.01). Hence, the regression equation derived from the following analysis was as follows: TTR = 0.69 (dose algorithm adherence) − 1.214.
Frequency of INR values within therapeutic range was significantly correlated with the dose algorithm (r = 0.444, P < 0.01). Similarly, there was poor correlation with the recall schedule (r = 0.08, P = 0.076). Regression analysis found that the dose algorithm explained 14.7% of the variance. The dosing protocol significantly influenced the frequency of INR values within range (β = 0.84, P < 0.01). The regression equation derived from the following analysis was as follows: frequency of INR value within therapeutic range = 0.44 (dose algorithm adherence) − 20.5.
Discussion
Our study reveals that the reduction in the fluctuations of INR readings is possible through the establishment of an anticoagulation clinic and the implementation of a structured dose nomogram at a primary care setting. This was evidenced by lesser incidences of 'high' and 'low' INR readings in the 'after' phase when compared to the 'before' phase of the intervention.
Among the two predictors that were tested in the regression analysis, only the dose algorithm had a statistically significant effect on TTR and frequency of INR readings within therapeutic range. The integration of a recall schedule to the dose algorithm seems to have very little impact on TTR and frequency of INR readings within therapeutic range. These results contradict an initial study that predicted the possibility of a minimal influence of a recall schedule on TTR if a prospective study was done utilizing a similar dose nomogram (8) . Interestingly, the 'reluctance' to fully comply to the recall schedule in the 'after' phase (83.3%) could be attributed to the fact that the doctors 'felt' that the decision to lengthen the interval between appointments could be detrimental to patients. This 'reluctance' occurred in spite of being given specific instructions to strictly adhere to the recall schedule.
A strict adherence to the dose protocol resulted in the reduction of unnecessary changes in VKA dose when there is a single incident of dose below or higher than the anticoagulation range. Although this did not result in a statistically significant increase in TTR, the implementation of the dose protocol helped to achieve greater numbers of INR readings that were within range.
Strengths and limitations
This study represents the first analysis of TTR trends related to a dose nomogram implementation in a primary care setting in Malaysia. A previous analysis was attempted at a tertiary care centre in Malaysia but did not include the examination of TTR and frequency of INR within therapeutic range (15) .
Most patients in the study had not achieved the target of 90 evaluable in the 'before' phase or 30 evaluable days in the 'after' phase within the third month of our study (9, 10) . Hence, our study was pre-emptively prolonged to 6 months in the both 'before' and 'after' phase to (i) obtain greater numbers of patients with optimum evaluable for inclusion in the final analysis and (ii) avoid inaccuracies in TTR readings by acquiring larger numbers of INR readings that reflect the actual trend of TTR.
Although changes in TTR were not statistically significant after the intervention of a dose nomogram, the mean TTR level was elevated (by 2.5%) to an optimal range of 58-65% as specified by American College of Chest Physician guidelines to prevent antithrombotic episodes (6) . More importantly, there was (i) a statistically significant improvement in the frequency of INR readings that were within therapeutic range, (ii) minimization of unnecessary dose changes and (iii) reduction in higher INR values post-intervention. These findings could support efforts to set up formal INR monitoring at the primary care level in the country. Such a step could ensure the proper monitoring of long-term patients on anticoagulation and hence palliate the phenomenon of 'ping pong effect' in INR readings (16) .
There are few limitations of this study. The recruitment of AF patients into this study involved a single regional primary care clinic. Hence, these results might not be representative of all primary care clinics in Malaysia although all patients attending this regional clinic were from smaller district clinics that had no access to INR blood investigation. Secondly, in the classification of AF patients, a broad term of AF was utilized, which was inclusive of patients with paroxysmal and chronic AF.
Comparison with existing literature
Although the median adherence to the dose algorithm and recall schedule were at 100% and 83.3%, respectively, the findings in this study were not superior to the usual care. These findings are comparable to another study conducted at multiple primary care centres which found no significant increase in mean TTR levels (10) . In that particular study, there was an increase in the mean TTR level (72.1-71.4%, P = 0.73). Similarly, our study did not produce a statistically significant increase in mean TTR levels before and after intervention (57.5-60.4%, P = 0.252). On the other hand, when the dose nomogram was incorporated as a standard practice at a tertiary care centre, there were improvements in mean TTR levels among AF patients on warfarin (66.7-73.4%, P < 0.01) (9) .
Despite having no significant effect on TTR levels, employing a watchful waiting method instead of dose reduction or increment for mild fluctuations in INR values led to a significant increase frequency of mean INR levels within therapeutic range (M = 50.0-56.0%, P < 0.05). These findings are consistent with the result of a study that supports the idea of maintaining the same dose for patients with mild fluctuations in INR levels (17) .
Implications and future directions
The natural biological variations in an isolated INR reading make monitoring of anticoagulant therapy difficult. By identifying intraindividual variations in INR, customization of anticoagulation management can be designed for each patient. Population-based biological variation in response to anticoagulation treatment can be determined by first identifying the total variation in INR reading in therapeutically stable patients (18, 19) . The implementation of protocols, as described in this study, does not only help increase TTR among patients but also help achieve greater numbers of stable patients that could be taken as a part of intra-individual biological analysis of INR fluctuations.
Conclusion
The preliminary results from this study indicate that there are benefits from the implementation of a dose nomogram in improving the frequency of INR values within therapeutic range at a primary care setting. The integration of a recall schedule did not improve TTR levels or the frequency of INR within therapeutic range in AF patients on VKAs.
